The promoter of the rainbow trout metallothionein B gene ( tMTb) was isolated from genomic DNA by the polymerase chain reaction (PCR ), fused to the bacterial chloramphenicol acetyltransferase (CAT) genein an expression vector, and functionally analyzed in one human cellline and four fish celllines. This promoter exhibited an extremely low basal expression in all celllines and was zincand cadmium-inducible except in the fish melanoma cell line where the promoter was completely inactive. The metal-induced expression patterns were cellline-specific. In general the fish promoter was more species-and cell type-specific than its human counterpart. In a transient assay it was functional in developing embryos of the medaka ( Oryzias /atipes). These properties make this promoter suitable for inducible, tissue-specific expression of transgenes and for in vivo studies of gene function and regulation.
INTRODUCTION
Transgenie fish are of interest for basic biological studies and for genetic improvement of aquaculture species. The report of Palmiter et al. ( 1982) that transgenic mice containing the rat growth hormone ( rGH) gene fused to the mouse metallothionein (mMT) promoter grew much faster than their siblings has encouraged the investigation on the production oftransgenic livestock including fish. Zhu et al. ( 1985) microinjected the mMT-hGH (human GH gene) into the fertilized eggs of goldfish ( Carassius auratus) and de-tected integration ofthe injected DNA. Since then transgenic fish have been attempted in more than ten species using heterologous promoters ( for review see Chen and Powers, 1990) . In most cases, however, the foreign genes were not effectively expressed. This might, at least partly, be due to the heterologous origins ofthe promoters used. For further approacbes it may be advantageaus to use fish promoters both for effective expression oftransgenes and for marketability of transgenic aquaculture products.
Few reports are available conceming in vestigation of fish promoters ( Zafarullah et al., 1988; Friedenreich and Schart!, 1990; Liu et al., 1990) . In rainbow trout there are two isofonns ofmetallothionein (MT) genes, A and B ( Bonharn et al., 198 7) . Although the promoter of the B gene has been reported to be able to drive expression of a reporter gene in cell cultures, Iittle is known about its specifity in fish cells as weil as its functionality in vivo in developing fish embryos. In order to construct fish-specific expression vectors for studies on gene regulation in vitro and/ or in vivo and for the production of transgenic fish, we have isolated the promoter region of the rainbow trout metallothionein B gene ( tMTb) using the polymerase chain reaction and tested its functionality and expression pattems in one human cellline and four fish cell lines as weil as in developing embryos of Japanese medaka ( Oryzias /atipes).
MATERIAL AND METHODS

PCR amplification ofthe promoter sequence
Genomic DNA was prepared from blood cells of rainbow trout ( Oncorhynchus mykiss). Two oligonucleotide primers, BL2 and BR2, were synthesized on a DNA synthesizer (Applied Biosystem Inc.) and purified by PAGE (Sambrook et al., 1989) . BL2 (5'-tcgaattCTGATTAAGTTTTGTATAGT-TAAATAAAT-3') contains the 5' end ofthe published sequence (from -250 to -221) ofthe rainbow trout MT-B gene (Zafarullah et al., 1988) ; BR2 (5'-ttgaattcCTTTTAGAGCATTCACAAGGATCCAT-3') is complementary to the first exon of the same gene (Fig. 3) . Both primers contain an EcoRI site at their 5' ends ( smallletters) for further cloning.
Polymerase chain reactions ( PCR) were performed on a self-built PCR machine (Wittbrodt and Erhardt, 1989) . Each reaction in a total volume of 50 pl contained 1 X PCR buffer, 50 pM of each primer, 1 00 p.M of each of dATP, dTTP, dGTP and dCTP (Pharmacia), 50-200 ng of trout genomic DNA, and 1-2.5 units of Taq DNA polymerase (Amersham). Two buffers were used. AM buffer consists of 67 mM pH 8.8, 6 . 7 mM MgS0 4 , 16.6 mM (NH4)2S04, 10 mMß-mercaptoethanol; Cetus buffer contains 10 mM Tris-Cl, pH 8.3, 1.5 mM MgCh, 5 mM KCI and 0.1 mg/ml gelatin. The samples were denatured for 5 min at 92°C, followed by 35 reaction cycles ( 1 Fig. 1 . Structure of expression vector ptMTb-CAT. Plasmid ptMTb-CAT ( 4.6 kb) consists of the 261-bp fragment of the rainbow trout metallothionein B gene promoter (tMTb ), the 1.6-kb fragment containing the bacterial chloramphenicol acetyltransferase gene ( CAT) and the SV 40 polyadenylation signal sequence [SV40(A)n], and the 2.7 kb fragment ofpUCl8. min denaturation at 92 o C, I min annealing at 60 o C, and 1. 5 min extension at 72 oc) with the final cycle having a 5 min extension.
Cloning and sequencing of the PCR product
All enzymatic manipulations were performed according to Sambrook et al. ( 1989) . The ßcoRI-digested PCR-amplified fragmentwas separated on a 1.5o/o LMP-agarose gel, recovered using the Geneclean II kit (Bio 101 Inc. ), and cloned into plasmid pBluescript II KS+ ( Stratagene ). Plasmid DNA was sequenced in both directions by the dideoxynucleotide method of Sanger et al. ( 1977) using a T7 -sequencing kit ( Pharmacia).
Construction ofthe tMTbCAT expression vector
The 261-bp promoter fragment was released from the cloning vector ( see above) with EcoRI/ Hindlll, filled-in with K.lenow fragment, and Iigated into the BamHI site upstream of the CAT gene in the promoterless vector pBL-CAT3 (Luckow and Schütz, 1987) . The correct orientation was verified by sequencing and the resulting construct was termed ptMTb-CAT ( Fig. 1 ) .
Transfeetion and CAT assays
Plasmids.
( 1 ) ptMTb-CAT contains the 261-bp tMTh promoter in front of the CAT gene in pBL-CAT3 (see above); (2) pBI.rCAT2 (Luckow and Schütz, 1987) contains the herpes simplex virus thymidine kinase promoter ( Tk) upstream of the CAT gene fused to the SV 40 polyadenylation sequence; (3) pBL-CAT3 (Luckow and Schütz, 1987) isaderivative ofpBL-CAT2 in which the Tk promoter has been removed; ( 4) pTk-CAT2E ( Altschmiedet al., unpublished) contains the 72-bp repeats ofthe SV 40 enhancer as a double insertion downstream of the CAT genein pBL-CAT2; (5) phMTIIA-CAT ( Friedenreich and Schartl, 1990) contains the 835-bp Hindlll/ Neo I promoter sequence ofthe human metallothionein IIA gene (hMTIIA) in front of the CAT genein pBL-CAT3; (6) pCMVTk-CAT (Altschmied et al., unpublished) contains the 700-bp Alul/ Alul enhancer sequence of the human cytomegalovirus ( CMV) upstream of the Tk promoter· in pBL-CAT2.
Cel/ /ines. ( 1 ) A2, Xiphophorus xiphidium embryonal epitheloid cell line (Kuhn et al., 1979) ; (2) PSM, Xiphophorus interspecific hybrid melanoma cellline (Wakamatsu et al., 1984) ; (3) EPC, carp epithelioma papulosum cellline (Fijan et al., 1983 ) ; ( 4) RTH-149, rainbow trout hepatoma cellline (Fryer et al., 1980) ; (5) HepG2, human hepatoblastoma cellline (Knowles et al., 1984) . A2, PSM and EPC were cultured as described ( Friedenreich and Schartl, 1990) . HepG2 was cultured at 37°C under 5o/o C0 2 in DMEM supplemented with 1 0°/o FCS, penicillin ( 100 U I ml), Streptomycin ( 100 p,g/ml), 2 mM L-glutamine, 20 mM Hepes and NaHC0 3 (7.6 g/1), while RTH was cultured at room temperature without C0 2 in EMEM containing amphotericin B ( 3 ,ug/ml; Fungizone; Sigma) and all Supplements except NaHC0 3 • Transfeetions and CAT assay. Cell transfections were carried out in triplicates and repeated twice by the CaP0 4 coprecipitation method (Gorman et al., 1982) as described for fish cells (Friedenreich and Schartl, 1990) . CAT assays were performed according to Friedenreich and Schartl ( 1990) and Gorman et al. ( 1982 ) . The promoter activity was reflected by percent CAT conversion calculated by comparing the 3-acetylated ( 3-Ac) chloramphenicol ( Cm) and nonacetylated Cm as follows:
In order to compare CAT activities between celllines, relative percent CAT conversions were calculated by normalizing actual conversions against a positive, constitutively active plasmid (Table 1 ) .
Microinjection andin vivo transient expression
Two~ll stage embryos of the Japanese medaka ( Oryzias /atipes) were used for microinjection. Transient functional CAT assay of the tMTb promoter was carried out as described elsewhere (Winkler et al., 1991 (Winkler et al., , 1992 . For the metal induction, embryos were treated with ZnCh ( 150 J1.M final) for 24 h before sampling.
RESULTS
PCRcloning
PCR is an in vitro method for enzymatic amplification of specific DNA sequences from minute quantities ofDNA or RNA samples, using two oligonucleotide primers that hybridize to opposite strands and flank the region of interest in the target DNA. Repetitive cycles involving template denaturation, primer annealing, and extension of the annealed primers by heat-stable Taq DNA polymerase result in the exponential accumulation of a specific fragment whose termini are defined by the 5' ends of the primers ( Erlich, 1989 ) . Basedon the sequence available (Zafarullah et al., 1988 ) the expected PCR-amplified product would be 360 bp. The electrophoresis pattem of the PCR reactions in AM buffer using 50, 100, and 0 ng ofthe trout DNA and 1 unit of Taq polymerase. Marker (M) was pUC19 DNA digested with Ddei/EcoRI. The PCR product (big arrow) and the PCR primers ( small arrow) are indicated.
PCR product obtained was consistent with this prediction ( Fig. 2) . Identity of the amplified product was further confirmed by sequencing ( see below).
Sequencing of the cloned PCR-amplified fragment
Sequence analysis revealed that the cloned PCR-amplified fragment is 363 bp in size, consisting of 352 bp from the tMTb sequence and 11 bp derived from the two PCR primers. The promoter region from the 5' end to the transcription start site (tsp; + 1) is 62o/o AT-rieb, contains a TATAAA signaland two copies ofmetal responsive element (MRE) consensus sequence which is thought to be responsible for the metal induction of MT genes. The tMTb sequence we obtained is essentially the same as that previously published (Zafarullah et al., 1988 ) . However, differences at five positions have been found ( marked by asterisks in Fig. 3 ). The seven bases 65-71 ( Fig. 3 ) were absent in the genomic sequence published ( Zafarullah et al., 1988) . They were, however, present in the corresponding cDNA sequence ( Bonharnet al., 1987) . Although we do not know if these discrepancies reflect a polymorphism present in different populations of rainbow trout, we believe that the sequence we obtained occurs naturally and that the differences are not due to errors of the Taq DNA polymerase.
Transient expression in vitro ofthe CATgene directed by the tMTb promoter in fish and human celllines
To study the metal-inducibility and cell type-specifity of the tMTb promoter we have used the CAT assay, where the bacterial CAT gene serves as a "The conversions were normalized tothat of pTk-CAT2E whose actual conversion was defined as 100. The promoterless plasmid pBL-CAT3 was used as a negative control whose conversion was seen as background. Numbers in parentheses are induction fold, and were calculated by dividing the zinc-/ cadmium-induced conversion rate by the basal value ( no metal treatment). cn.d. =not determined.
reporter gene. Its expression can be easily monitared and the endogenaus background CAT activity is negligible in fish ( Friedenreich and Schartl, 1990) . As summarized in Table 1 , the tMTh was active in all celllines except in PSM, where it was completely inert even after metal treatments. The tMTb promoter exhibited an extremely low basal CAT expression which was barely above background. This is in contrast to the hMTIIA promoter, which showed a high er basallevel of CAT expression ( 2-12 fold high er than the tMTb promoter; Tabie l ) .
Heavy metal induction of the tMTb promoter depended on the species origins of the cells and/ or on the cell types. Among the four fish celllines, the strongest metal-inducible activity was found in RTH, followed by EPC and A2, while in PSM this promoterwas inactive (Table 1 ) . These results, together with the fact that in vertebrates metallothioneins are mainly synthesized in liver, imply that the tMTb promoter drives expression oftbe metallothionein gene in a more cell type-specific manner. This is also in line with the in vivo expression pattem of the tMTb promoter in developing fish embryos, where it drives expression ofthe reporter gene in· only a limited number of embryos.
In order to see if the tMTb promoter also functions in mammalian cells, the human hepatoblastoma cells ( HepG2) were used for transfection. Again, the metal-inducibility was observed. The activity ofthe tMTb was, however, much lower, leading to a maximal zinc-induced relative percent CAT conversion rate as low as 0.33, compared to 11-39 in homologaus celllines ( except PSM). This means that the tMTb had activities up to 120 fold higher in fish cells than in human-cells,.indicating astritt fish cell-specific expression ofthe tMTb. This is supported by comparison of the highest metal-induced activities between the hMTIIA and the tMTb. While in HepG2 the hMTIIA promoter exhibited a zinc-induced (maximal) CAT expression 220 fold high er than that of tMTb, the Ievels decreased strongly in fish cells by a factor of 5 (RTH, zinc), 8 (A2, cadmium) and 13 (EPC, zinc) ifcompared tothetMTb, also demonstrating a higher activity ofthe tMTb promoter in fish cells than in human cells. Fish-specific expression of the fish MT promoter will become evident when a comparison is concentrated on RTH and HepG2, which both are ofliver origin with the former being from fish and the latter from humans.
Both zinc and cadmium were found to be able to enhance considerably expression of the tMTb-directed CAT gene, but their efficiencies were different depending on the cellline used. While in the trout hepatoma cells ( RTH), carp epithelial cells ( EPC) and human hepatoblastoma cells ( HepG 2) zinc was more efficient for induction, cadmium was superior in the Xiphophorus embryonal epithelial cells ( A2), whereas in the Xiphophorus melanoma cells 4··da:y:s 1 day c 1 2. a 4 s; Fig. 4 . A representative in vivo CAT assay showing activity of the tMTb promoter in developing embryos of the medaka ( Oryzias latipes). A: Sampies 1-5 were prepared from embryos 4 days after injection with ptMTb-CAT. The embryos were treated with ZnC1 2 ( 150 jJM final) for 24 h before sampling. Sampie C shows CAT expression in a non-injected, 2.5-day-old control embryo. B: Sampies were prepared from embryos 1 day, 2 days and 3 days after injection with pCMVTk-CAT. Total protein extract from single embryos was used for each reaction. Acetylated forms of chloramphenicol are indicated by arrows.
(PSM) both metals bad no effect on the expression of the tMTb promoter (Table 1 ) .
As compared to the tMTb, the hMTIIA was active and metal-inducible in all five celllines, suggesting that its expression is less species-/cell type-specific.
Transient expression in vivo in fish embryos
To study the functionality and expression pattem of the tMTb promoter in vivo, we have conducted a transient expression assay by microinjection ofthe expression vector ptMTb-CAT into the cytoplasm of one cell of the 2-cell stage embryo ofthe Japanese medaka (Winkler et al., 1991 ) . Our preliminary results show that this promoter is also functional in vivo (Fig. 4 ) . In our experiments we found expression of the CAT gene only in a limited number of injected embryos ( 2 of 15 in Zn-treated and 1 of 30 in untreated embryos), compared to an overall expression pattem obtained if a constitutively active, heterologous enhancer-promoter ( CMVTk) is used to drive CAT expression. This can be explained by a non-ubiquituous activity ofthe tMTb promoter, that is restricted to specific tissues or developing organs, in combination with a strongly unequal distribution of injected DNA molecules, resulting in a highly mosaic expression pattem, as has been shown elsewhere (Winkler et al., 1991 (Winkler et al., , 1992 .
DISCUSSION
We have used the PCR technique to isolate the known tMTb promoter sequence. Because of its speed, specifity of amplification, and requirement of only minute amounts of DNA, PCR might find a wide range of applications in aquaculture in the near future. Of special interest is amplification of specific fragments for further functional analysis as in this study, or for direct sequencing, DNA typing, detection of viral and bacterial pathogens, and identification of novel genes in putative transgenics as an alternative to Southem analysis. PCR under certain conditions may also be useful to clone sequences from one species if the gene or promoter in question is known only from closely or distantly related species.
In our experiment the basal and metal-induced activity of the tMTb promoterwas much lower than that ofthe hMTIIA in all celllines including RTH-149, in which the trout MTb promoter has previously been reported tobe much stronger than its buman counterpart (Zafarullah et al., 1988 ) . In our construct ptMTb-CAT the promoter contains 261 bp ofthe 5' end sequence ( Fig. 3) of the tMT-B gene compared to 720 bp in the construct ptMT-B CAT of Zafarullah et al. ( 1988) . Whether this apparent difference in the promoter potencies is due to the additional upstream sequence in ptMT -B CAT and/ or to the background plasmid sequences remains unknown.
lt is interesting to note that the tMTb promoterwas silent in the Xiphopho-rus melanoma cells (PSM), although some essential trans-acting protein factors might have remained in this cellline. This can be deduced from the metalinducibility ofthe human MTIIA promoter and ofthe trout MTa promoter, the promoter of the tMT -A, whose expression pattern was very similar to that ofthe tMTb except in PSM, where the tMTa was still zit;tc-/cadmium-inducible (unpublished data).-This shows that for each kind of MT promoter, a cell type-specific regulation exists besides those features which determine more generat characteristics of MT promoters, e.g., heavy metal-inducibility. In line with this finding are the results with the mouse MT enhancer and the X47, a
MT -like promoter of Xiphophorus maculatus, which contains a consensus sequence of meta] responsive elements (MREs) characteristic of MT promoters ( Friedenreich and Schartl, 1990) . Mouse MT enhancer has no effect on expression of a reporter gene in fish cells ( see above). The X 4 7 is constitutively active in EPC and A2 ( Friedenreich and Schart] , 1990), whereas it is either silent in fish liver cells (RTH) or only slightly metal-inducible in human liver cells (HepG2) (Winkler et al., 1992) . These data might indicate that the MREs themselves are not always sufficient for metal induction, and other still unidentified flanking sequences are also important for metal regulation ofMT promoters.
To ensure effective expression of foreign genes in transgenic fish suitable promoters are required. All-fish constructs are preferable not only for correct expression of transgenes but also for marketability of transgenic aquaculture products. While reports on cloning of fish structural genes are rapidly increasing, studies on fish promoters are still at an early stage. This has led to the use of heterologous promoters in transgenic experiments in fish. However, in fish cell cultures the mouse MT -1 enhancer fused to the Tk promoterwas not able to enhance the expression of a reporter gene. Also the human GH gene controlled by the human MTIIA promoter did not produce any GH peptide at all ( Friedenreich and Schart!, 1990) . In the present study we have clearly shown that a fish promoter works much more efficiently in fish cells than in heterologous cells, pointing to the advantage of homologaus sequences in transgenic experiments. This finding is intriguing in the light of reports that in most attempts to produce transgenic fish the heterologous promoters were not effecti ve to drive the expression of the fused genes ( see Chen and Powers, 1990) . This indicates the general limitations for use of heterologous promoters in gene expression studies in vitro and/or in vivo andin the production oftransgenic fish. In this study we have isolated and functionally tested the promoter ofthe rainbow MT-B gene to obtain information on its specificity. It was found that this promoter has a negligible basal expression,. that it is metal-inducible, drives the expression ofthe reportergenein a strict species-and cell type-specific manner, and that it is functional in vivo in developing embryos of the medaka. These properties make this promoter highly suitable both for the production of transgenic fish with known structural genes and for understanding the function of novel genes, as weil as for in vivo studies on those genes whose expression may be Iethai or detrimental ( e.g., protooncogenes) to host organisms.
